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ABSTRACT
Background Data: Anterior cervical discectomy and fusion (ACDF) is a gold-standard option for
treating cervical degenerative disc diseases (DDD). Anterior plating enhances stabilization with improved
outcomes and reduced risk of pseudarthrosis yet with annoying morbidities. Fusion with stand-alone
cages avoids such complications, although its use in multilevel disc arthrodesis is still controversial.
Study Design: Retrospective multicenter comparative cohort study.
Purpose: To evaluate clinical and radiological long-term outcomes after ACDF with stand-alone
polyetheretherketone (PEEK) cages versus ACDF with cages and plating.
Patients and Methods: Patients who underwent four-level stand-alone ACDF (Group 1) or ACDF with
plating (Group 2) between July 2012 and May 2016 and followed up for at least two years were recruited
for this study. In this study, the reported outcome parameters included operative time, operative blood
loss, fusion rate, cervical curve, neck disability index (NDI), Visual Analogue Score (VAS) of neck pain,
patient satisfaction, and perioperative morbidity.
Results: Forty-seven patients, including 25 males and 22 females, were reported. The mean age was 50.8
and 50.1 years in Groups 1 and 2, respectively. Twenty-four patients underwent stand-alone ACDF and
23 underwent ACDF with plating. The baseline characteristics data of both groups were homogeneous
between groups. The outcome parameters (NDI, cervical curve VAS scores, fusion rate, complications,
reoperation rate, and patient satisfaction) showed no significant difference between the two groups at
different time points of follow up. Pre- and postoperative NDI and VAS showed significant improvement
in both groups. Dysphagia was reported more frequently in Group 2.
Conclusion: Four-level ACDF with stand-alone PEEK cage is equally effective as ACDF with anterior
plating in patients treated for four-level cervical DDD with less incidence of dysphagia. (2021ESJ233)
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INTRODUCTION
Cervical degenerative disc disease (DDD) is a
major and global health problem with a significant
socioeconomic burden. Although most patients are
treated conservatively, surgery may be considered
in some patients. Since its description in the 1950s,
anterior cervical discectomy and fusion (ACDF)
is considered a gold-standard option for managing
cervical DDD when conservative management
fails and in patients with progressive neurological
deficits.7,4 Over the past decades, many technical
procedures have been described, including ACDF
using bone autograft, allograft, plating, PEEK
cages, and other fusion techniques. 1 ACDF
provides long-term stabilization, maintains
disc height, and allows proper decompression.6
Anterior plating has been considered to allow more
segment stabilization with improved outcomes and
reduced risk of pseudarthrosis.14 However, using
anterior plating is not devoid of complications;
one of its common and annoying complications
is dysphagia, which may be permanent.15 As a
result, stand-alone ACDF was proposed as an
alternative that reduces postoperative dysphagia
in multilevel ACDF. 17 Multilevel stand-alone
ACDF may be associated with some morbidity,
including pseudoarthrosis, subsidence, and
extrusion.9,16 Until now, there is no consensus and
there is ongoing controversy regarding the use of
stand-alone ACDF versus ACDF with plating in
patients with a multilevel cervical disc.
This study aims to compare retrospectively the
clinical and radiological long-term outcomes
of patients who underwent 4-level stand-alone
ACDF versus ACDF with plating in patients with
cervical DDD.

PATIENTS AND METHODS
In this multicenter retrospective cohort study, all
patients with complete data who underwent fourlevel ACDF with or without anterior cervical
58

plate between July 2012 and May 2016 at the
neurosurgical centers of Suhag, Mansoura, and
Fayoum University Hospitals were enrolled in this
study. The medical records of our three institutional
hospitals were reviewed for all patients who
underwent ACDF. All patients between 36 and
65 years old, who failed adequate conservative
therapy, with radiologically confirmed multilevel
cervical DDD, treated with either four-level standalone ACDF or with ACDF and plating, with
complete contact, clinical, radiological data, and
with at least two-year follow-up were reported.
Patients with a history of trauma, developmental
spinal canal stenosis, history of previous cervical
spine surgery, tumor, infection, severe osteoporosis,
posterior longitudinal ligament ossification,
chronic rheumatic disease, and incomplete data
records were excluded from this study. Patients’
allocation to either Group 1 or Group 2 was at the
preference of the attendant surgeon. All patients
formally consented before the index surgery.
The study was conducted after the approval of our
three institutional review boards (IRB) and written
informed consent was obtained from each patient
or their legal guardians. The study was conducted
according to the WMA Declaration of Helsinki–
Ethical Principles for Medical Research Involving
Human Subjects.
At the time of the index surgery, all patients
were submitted for full clinical and radiological
evaluation. Radiological evaluation included MRI
of the cervical spine and plain radiographs in AP
and lateral views and dynamic study.
Preoperative clinical parameters included age, sex,
BMI, NDI, and neck pain VAS, while radiographic
parameters included cervical curve. The cervical
curve was assessed using C2–C7 Cobb’s angle
in a neutral position, from the inferior endplate
of C2 to the inferior endplate of C7. Operative
parameters included operative time and blood
loss; postoperative parameters included NDI,
neck pain VAS, patient satisfaction, fusion rate,
cervical curve, and morbidity, including dysphagia
and reoperation. Patient satisfaction was assessed
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subjectively as excellent, good, fair, or poor at the
last reported follow-up visit.
Patients were submitted for routine plain
radiographic evaluation on each clinical visit,
while CT scans were used in case of reporting any
abnormal event, including persistent neck pain or
suspected plain radiographic sign. Cervical fusion
was assessed using the Bridwell grading system.2,10
According to the routine postoperative follow-up
protocol, which was similar in the three centers,
all patients were scheduled for outpatients’ visits
at 1, 3, and 6 months, then at 6-month intervals.
Surgical Technique:
Operations were conducted under general
anesthesia in the supine position with either a
right- or left-side anterior cervical approach,
according to the surgeon’s preference. After
fluoroscopy-guided disc exposure, adequate neural
decompression, including removal of disc hernia,
posterior longitudinal ligament, osteophytes, and
any other compressive elements, was conducted.
Cartilaginous endplates were removed carefully
through curettage to preserve the bony endplates
to avoid cage subsidence. In Group 1, we used
stand-alone PEEK cages (EgiFix™, Egypt)
without plating, whereas in Group 2, we used the
same cage with anterior plates (EgiFix™, Egypt).
Cages were implanted at a size of 4–7 mm in
height according to the level and the preoperative
disc height. The chosen cages were at least 1 mm
higher than the affected discs. During surgery, cage
trials and lateral fluoroscopy also helped with this
issue. Bone graft substitutes (Zimmer Biomet™)
were inserted into the cages to conduct fusion.
The length of the needed plate was estimated
using lateral fluoroscopy, and the screws were
introduced in a cross way, and the length of the
screws was checked by the fluoroscopy. Then, the
plate was locked, a closed system wound drain
was inserted, and after meticulous hemostasis,
the wound was closed in layers. After surgery,
all patients had to undergo physical rest for six
weeks, followed by physiotherapy. A cervical
collar was applied for six weeks. Most patients
were discharged from the hospital on the second
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postoperative day. Patients were scheduled for
routine outpatient clinic follow-up.
Statistical Analysis:
Descriptive statistics were presented as mean
(SD) for normally distributed numeric variables,
while they were presented as median (IQR)
for nonnormally distributed numeric variables
and frequencies and percentages for categorical
variables. Comparison of the two groups was
made using an independent sample t-test for
normally distributed numeric variables and using
the Mann–Whitney U test for nonnormally
distributed numeric variables or ordinal variables.
For categorical variables, the chi-square test and
Fisher’s exact test were used. IBM SPSS statistics
software, version 26, was used for the analysis
and p value < 0.05 was considered statistically
significant. Friedman’s test was used to study
if there is a change in the NDI at different time
points. P-values for the pairwise comparisons
using Bonferroni adjustment were reported.

RESULTS
The medical records of 206 patients who
underwent multilevel ACDF between July 2012
and May 2016 at the included centers were
revised. Of the 64 patients who underwent fourlevel ACDF, 47 patients were eligible for the
study after exclusion of the records of 17 patients
due to incomplete data, contact details, followup. Twenty-four patients underwent four-level
stand-alone ACDF (Group 1) and 23 patients
underwent ACDF with plating (Group 2). All
patients completed at least two-year follow-up
and 5 years at maximum with mean follow-up of
3.5 ± 1.1 (2–5) years.
The baseline characteristics including age, sex,
and BMI did not differ significantly between both
groups. Also, the preoperative cervical curve,
NDI, and VAS scores for neck pain showed no
difference between both groups (Table 1). No
significant differences were observed between the
two groups when comparing different preoperative
59
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epidemiological variables (Table 1). In terms of the
preoperative parameters, intergroup comparisons
of the NDI, cervical curve, and VAS values for
pain indicated no significant difference between
both groups. At two years and the last follow-up,
VAS values in both groups showed no changes.
Compared to the preoperative values, the
postoperative NDI improved at various time
periods in both groups. At three months, there
was no difference; however, at six months and the
last follow-up, substantial changes in NDI were
reported (Table 2). Moreover, the cervical curve
showed improvement at different time points
in both groups compared to the preoperative

measurement. Changes were substantial at
three months and six months; however, at the
last follow-up, they were insignificant (Table 2,
Figure 1). VAS scores for pain showed significant
improvement at different time points when
compared to the preoperative measures and each
other; however, the last follow-up measurement
showed no significant changes when compared to
the six-month measurement (Table 2, Figure 2).
We did not report significant differences between
the two groups regarding fusion rate at both oneyear, two-year, and last follow-up (Table 3). Four
case presentations are demonstrated in Figures
3–6.

Table 1. Baseline characteristics of the two groups.
Variables

Group 1 (N = 24)

Group 2 (N = 23)

P value

Age/years

50.8 ± 8 (37–63)

50.1 ± 8.4 (36–65)

0.756

BMI

25.5 ± 4.5 (20–36)

27.2 ± 4.2 (2–35)

0.206

12/11

0.891

Sex: male/female
13/11
An independent sample t-test was used for age. BMI; body mass index.
Table 2. Comparison of pre and postoperative outcomes:

Group 1
Group 2
P value
Mean ± SD (range)
Median IQR
Mean ± SD
Median IQR
Cervical curve
Preoperative
10.8 ± 1.3 (9–13)
11.00
2
10.7 ± 1.3 (9–13)
11.00
2
0.878
3 months
17.9 ± 0.9 (16–20)
18.00
1
18.1 ± 1 (16–20)
18.00
1
0.279
6 months
17.3 ± 0.8 (16–19)
17.00
1
17.4 ± 0.9 (16–19)
17.00
1
0.596
2 years
16.6 ± 1 (15–18)
17.00
1
16.5 ± 0.8 (15–18)
16.00
1
0.631
Last follow-up
16.6 ± 1 (15–18)
17.00
1
16.5 ± 0.8 (15–18)
16.00
1
0.631
NDI
Preoperative
33.7 ± 2.3 (29–38)
34.00
3
33 ± 2.9 (28–39)
33.00
4
0.319
3 months
18.5 ± 1.8 (15–22)
18.00
3
18 ± 1.8 (15–20)
18.00
4
0.480
6 months
16.9 ± 1.6 (15–20)
17.00
3
16.3 ± 1.3 (14–18)
16.00
3
0.227
2 years
15.1 ± 1.1 (14–17)
15.00
1.75
14.9 ± 0.7 (14–16)
15.00
1
0.714
Last follow-up
15.1 ± 1.1 (14–17)
15.00
1.75
14.9 ± 0.7 (14–16)
15.00
1
0.714
VAS
Preoperative
7.3 ± 1.4 (5–10)
7.00
2
7.1 ± 1.3 (5–10)
7.00
2
0.662
3 months
2.4 ± 1.2 (0–4)
2.00
1
2.2 ± 1.3 (0–5)
2.00
2
0.569
6 months
0.5 ± 0.7 (0–2)
0.00
1
0.4 ± 0.7 (0–2)
0.00
1
0.340
2 years
0.0 ± 0.0 (0–0)
0.00
0
0.0 ± 0.0 (0–0)
0.00
0
–
Last follow-up
0.0 ± 0.0 (0–0)
0.00
0
0.0 ± 0.0 (0–0)
0.00
0
–
Operative time 136.3 ± 14.7 (120–170) 140.00
20
139.6 ± 16.6 (120–170) 140.00
30
0.461
Blood loss
268.8 ± 106.1 (150–500) 225.00 137.5 271.7 ± 98.7 (150–500) 250.00 100
0.727
BMI, chi-square test used for sex while Mann–Whitney test was used for preoperative cervical curve, NDI, and VAS.
Variables
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Table 3. Comparison of surgical outcomes, complications, and patient satisfaction in both groups.
Parameters

No-plate group

Plate group

Certain

20 (83.3%)

18 (78.3%)

Doubtful

4 (16.7%)

5 (21.7%)

Fusion at 2 years

Certain

24 (100.0%)

23 (100.0%)

–

Fusion at 5 years

Certain

24 (100.0%)

23 (100.0%)

–

No

24 (100.0%)

13 (56.5%)

Yes

0 (0.0%)

10 (43.5%)

Yes

1 (4.2%)

1 (4.3%)

No

23 (95.8%)

22 (95.7%)

Excellent

15 (62.5%)

10 (43.5%)

Good

8 (33.3%)

8 (34.8%)

Poor

1 (4.2%)

5 (21.7%)

No

22 (91.7%)

21 (91.3%)

Yes

2 (8.3%)

2 (8.7%)

Fusion at 1 year

Dysphagia
Infection

Satisfaction

Reoperation

P value
0.724

<0.001
>0.999

0.185

>0.999

Figure 1. Box-and-whisker
plot showing the cervical
curve at different time
points of follow-up in both
groups.
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Figure 2. Box-and-whisker plot
showing VAS scores of neck pain
at different time points of followup in both groups.

Figure 3. A 64-year-old male patient with cervical DDD: (A) preoperative T2 sagittal MRI; (B) preoperative lateral
radiograph showing multispondylotic disc disease; (C) a 5-year follow-up radiograph showing a 4-level ACDF with
bone fusion (Group 1).
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Figure 4. A 65-year-old patient. (A) T2 sagittal MRI showing multilevel DDD. Serial follow-up radiographs (B) at
1 year, (C) at 3 years, and (D) at 5 years showing four-level stand-alone ACDF with bone fusion (Group 1).

Figure 5. A 40-year-old lady with multilevel cervical DDD: (A) preoperative T2 sagittal MRI; (B) lateral plain
radiograph at one-year follow-up showing four-level ACDF with anterior plate; (C) lateral plain radiograph at fouryear follow-up showing four-level ACDF with an anterior plate. Both showed good bone fusion (Group 2).
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Figure 6. A 55-year-old lady with multilevel cervical DDD: (A) preoperative T2 sagittal MRI; (B) lateral plain
radiograph at one-year follow-up showing four-level ACDF with anterior plate; (C) lateral plain radiograph at oneyear follow-up showing five-level ACDF with anterior plate, both showing good cervical curve and bone fusion
(Group 2).

There was a significant difference regarding the
incidence of dysphagia. Ten patients (43.5%)
developed postoperative dysphagia in Group 2
compared to none in Group 1. It was reported in
all ten patients at 3 to 6 weeks after surgery; nine
patients responded to conservative therapy. In one
case, the patient underwent reoperation to remove
the cervical plate three months after surgery and
injection of retropharyngeal steroids to decrease
swelling and the inflammatory reaction. In Group
1, one patient had cage dislodgement and required
a bigger-sized insertion two months after surgery.
One patient in each group had a surgical site
infection; only one of them (Group 1) required
reoperation to drain an abscess three weeks after
surgery. Patient satisfaction was categorized into
excellent, good, fair and poor. This assessment
showed no significant difference between the two
groups, although satisfaction was higher in Group
1 (Table 3).
64

DISCUSSION
In this multicenter retrospective study, we
compared long-term outcomes among patients
who underwent ACDF either with cages only
or with cages and anterior plating. Apart from
patient satisfaction and postoperative dysphagia,
no difference could be noticed between the two
groups. Regarding our primary outcome (NDI),
we found no difference between the two groups
when compared at different follow-up intervals.
However, our results demonstrated that patients
in the two groups had improved NDI over time
throughout follow-up intervals when compared to
preoperative NDI in either group. This indicates
that both techniques have effectively improved
NDI to a similar degree. Moreover, in their
retrospective analysis, Zhang et al. have reported
the same finding when both techniques were
compared for two-level noncontinuous cervical
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discectomy.18 Fusion rate showed no significant
difference between the two groups at different
time intervals of follow-up (1 year, 2 years, and
last follow-up). The fusion rate in Group 1 at one
year was 83.3% and 100% at five years, while in
Group 2, it was 78.3% and 100% at both times.
Zhang et al. 18 also reported fusion rate as 91.3%
in the no-plate group compared to 95.2% in the
plate group with no significant difference between
the two groups at three-month follow-up and solid
fusion for all patients at the final follow-up. Elsayed
and Sakr5 have also reported similar findings.
Similarly, Cabraja et al.3 found that the fusion
rate when using PEEK cages alone was 88.1%. It
has been considered beneficial to implant anterior
plates in multilevel ACDF for improving fusion
rate 11; however, many of the recent reports18, in
addition to our study, demonstrated no superiority
of anterior plating to cages only without plating
for the fusion rate.
We found no significant difference in the cervical
curve between the two groups at different time
points of follow-up. However, the intragroup
analysis showed significant improvement of the
cervical curve from the first postoperative day till
the final follow-up in the two groups compared to
the preoperative values. In their study, Zhang et
al. 18 have described similar findings, highlighting
that both techniques have a similar successful role
in improving cervical curves.
We found no significant difference in VAS scores
for pain between the two groups at different followup time points. However, the intragroup analysis
showed a significant reduction in VAS scores in the
two groups throughout the follow-up period when
compared to preoperative VAS. Similar findings
have been reported by Elsayed and Sakr5, as they
reported a significant postoperative reduction in
VAS scores for pain in each group compared to
preoperative VAS; no significant difference was
observed between both groups when compared to
each other.
Operative time, intraoperative blood loss, and the
need for reoperation did not differ significantly
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between the two groups. In their study, Zhang et
al.18 have found a significantly reduced operative
time in the no-plate group compared to the plate
group.
We found a significant difference between the two
groups regarding the incidence of postoperative
dysphagia, 43.5% (10/23 patients) in Group 2
versus no patients in Group 1. Moreover, Zhang
et al.18 have found a significant difference between
both groups with a higher incidence in the plate
group. However, in their study, Zhang et al.18 found
an incidence of early postoperative dysphagia
among patients in the no-plate group (3/23 at one
month postoperatively), which have improved
during the follow-up period. Dysphagia has been
found to be the most common complication after
ACDF.12 It mostly disappears within three months
postoperatively; however, up to 35.1% of these
patients will continue to complain of dysphagia.8
Despite being of unknown mechanism, dysphagia
results from irritation of the esophagus by the
anterior plate.13 Despite the higher incidence of
dysphagia in Group 2, we found a nonsignificant
difference between both groups regarding patient
satisfaction. Also, Elsayed and Sakr5 have reported
the same. This can be explained by the fact that
patient satisfaction has multiple domains. Among
our patients, two patients had postoperative
surgical site infection (one in each group);
both underwent proper treatment with proper
antibiotics and improved over the following two
weeks.
This study has the known limitations of any
retrospective study, such as the relatively small
number of enrolled patients. Moreover, patients’
allocation was according to the surgeon’s
preference which weakens the results of this
study. Despite these limitations and considering
the long-term follow-up of our study, this study
provides evidence of equal effectiveness of
using four-level stand-alone PEEK cages ACDF
compared to cages with anterior plating, with
stand-alone PEEK cages being superior regarding
postoperative dysphagia.
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CONCLUSION
Four-level ACDF with stand-alone PEEK cage is
equally effective as ACDF with anterior plating in
patients treated for four-level cervical DDD with
less incidence of dysphagia.
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الملخص العربي
النتائـج طويلـة المـدي إليثـاق الفقـرات العنقيـه ذات األربـع مسـتويات بواسـطة االقفـاص الكربونيـه مقابـل
اضافة شريحه أماميه :دراسه مرجعيه مقارنه متعددة المراكز
البيانـات الخلفيـة :يعتبـر التثبيـت االمامـي للفقـرات العنقيـة االختيـار المثالـي المـراض االنـزالق التـي الغضروفـي
العنقـي عنـد فشـل العلاج التحفظـي .كمـا ان التثبيـت االمامـي بواسـطة الشـرائح العنقيـه يسـمح بمزيـد مـن الثبـات
وتحسـين النتائـج المرجـوة وتقليـل حـدوث االلتحـام الخاطـئ للفقـرات العنقيـة ةالتـي ق تسـبب اعراضـا خطيـرة مثـل
صعوبة البلع .

التثبيـت بواسـطة االقفـاص العنقيـه فقـط يمكنـه تجنـب مثـل هـذه المضاعفـات ولكن مع تعدد مسـتويات االنزالق
اصبح استخدامه موضعا للجدل

الغـرض :يهـدف الـي تقييـم النتائـج علـي المـدي البعيـد اكلينيكيـا وعـن طريـق الفحـص الراديولوجـي باالشـعه لـكال
الطريقتين (التثبيت باالقفاص عنقية وحدها_مقابل التثبيت باالقفاص العنقيه باالضافه الي الشرائح االماميه)
تصميم الدراسه :دراسه أترابيه مرجعيه مقارنه متعددة المراكز

المرضي والطرق :شـمل هذا البحث دراسـة مرجعية متعددة المراكز ل  47مريضا بالغا مصابون بانزالق غضروفي
عنقـي متعـدد خضعـوا لجراحـات تثبيـت الفقـرات العنقيـة االمايه بواسـطة اقفاص عنقيـه فقط(24مريض)او اقفاص
عنقيـة وشـرائح اماميةفـي الفتـرة مـا بيـن يوليـو  2012ومايـو  2016وخضعـوا للمتابعه لمدة خمس سـنوات .النتائج
االوليه شملت تقيييم مؤشر العجز العنقي (  )NDIللمتابعه االخيرة.اما النتائج الثانوية فشملت مدة الجراحه كمية
الـدم المفقـود والمنقـول ,معـدل االلتحـام ,,واالنحنـاء (القعس)العنقـي  ,,ومؤشـر العجـز بالرقبة,,NDIونسـبة االلـم
علي مقياس ,,,VAS SCOREرضا المريض والحاجه الي اعادة الجراحة وعسر البلع باالضافه الي المضاعفات االخري.
النتائـج :لـم تكـن الخصائـص االساسـيه مختلفـة بيـن المجموعتين.فلا يوجـد فـرق بيـن كال المجموعتيـن فـي درجـات
مؤشر االعتالل العنقي NDIاو االنحناءالعنقي او درجة االحساس بااللم علي مقياس  VAS,في نقا زمنية مختلفه
من المتابعة ومع ذلك اظهرت النتائج داخل المجموعة تحسنا كبيرا عند مقارنتها بما كان قبل الجراحة.كما ان معدل
االلتحـام والجـودة والمضاعفـات والحاجـه الـي اعـادة الجراحـه ورضـا المرضي لم يكونوا مختلفين بشـكل كبير في كال
المجموعتين.
الخالصـة :التثبيـت بواسـطة االقفـاص العنقيـة فقـط مسـاوي فـي الفاعليـة للتثبيـت بواسـطة االقفـاص العنقيـه
والشـرائح االماميـه فـي حـاالت االنـزالق الغضروفـي العنقـي المتعـدد بل له نتائـج افضل فيما يتعلق بصعوبة البلع
ما بعد الجراحة.
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